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(54) Catalyst used to form carbon fiber, method of making the same and uses 



(57) A catalyst for promoting growth of carbon fiber, 
which is capable of growing satisfactorily at a low tem- 
perature without needing complex process and applica- 
ble to such as electron emitting device. 

The catalyst used for growth of carbon fiber con- 
tains Pd and at least one element selected in the group 



consisting of Fe, Co, Ni, Y, Rh, Pt, La, Ce, Pr, Nd, Gd, 
Tb, Dy, Ho, Er and Lu, in which 20 to 80atm% (atomic 
percentage) of the selected at least one element is con- 
tained to Pd. 
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Related Background Art 

[0002] A method of making caitoon fibril is dM«=H i„ , 

spending family patents WO9007023 and EPoSSf P,,*? 0,1686 ^ La '' d -° pen Ga * ette N °- 4-504445 (corre- 
jn Japanese Patent Laid-Open No. 3-26^9^0^ 

[0003] Further, a method of preparing carbon n^nhf 9 I T USP4 900483 and EP433507) 

0004] An electron ^ P m "8 ca ^~^e ,s d^dosed in Japan Patent Laid-Open No. 2000-95509 

25? USP5726524 specification. JapSes " U a SP4728 «" P*tadton, USP5872422 spec- 

2000-057934 > JapanesePatentLaid-0 P TnNo 200^2080^ jl" 8-1 15B52, Japanese Patent Laid-Open No 
Nanotube FED with Graphite Nano-Fiber eSS' ^ Uid -° pen No " 2001-052598, -Ca^on 

SUMMARY OF THE INVENTION 

AsSSSssss 

10011] Th, prpppm „».„„„„ „ pi™ ZfJ™ ""™" 9 SKm *™ *« 

:™**« !— «^p tog ,h „T,'p ST«l!SS!J^ """*" *~" ,,m £ 



2 



EP 1 245 704 A2 



shift (s in a range of 1355 ± 10kaiser(cnv 1 ) and a second peak of intensity of Raman scattering in which Raman shift 
is in a range of 1 580 ± 1 Okaiser, and wherein a relative intensity h2, which is difference between background intensity 
and intensity of the Raman scattering at the first peak, and a relative intensity hi , which is difference between back- 
ground intensity and intensity of the Raman scattering at the second peak, satisfy a relation that 1 .3 £ h2/h1 . 
5 [001 5] According to a further aspect of the present invention there is provided an electron emitting device comprising 
a film containing a plurality of carbon fibers, wherein the film, according to Raman spectrum characteristic detected by 
irradiating laser having a wavelength of 5'\4.5nrT\ l has a first peak of intensity of Raman scattering in which Raman 
shift is in a range of 1355 ± 10kaiser{cnv 1 ) and a second peak of intensity of Raman scattering in which Raman shift 
is in a range of 1580 ± 10kaiser, wherein a Full-Width Half-Maximum (FWHM2) of the first peak and a Full-Width Half- 
fa Maximum (FWHM1) of the second peak satisfy a relation that FWHM2/FWHM1 £ 1 .2, and wherein a relative intensity 
h2, which Is difference between background intensity and intensity of the Raman scattering at the first peak, and a 
relative intensity hi, which is difference between background intensity and intensity of the Raman scattering at the 
second peak, satisfy a relation that 1 .3 5 h2/h1 . 

[0016] According to still another aspect of the present invention, there is provided an electron emitting device corn- 
's prising a film containing a plurality of carbon fibers, wherein the carbon fiber is graphite nanofiber having graphenes 
laminated not in parallel to the axial direction thereof, and wherein the plurality of carbon fibers included in the film 
containing a plurality of carbon fibers have density over lO^Vcm 2 . 

[0017] According to still another aspect of the present invention, there is provided an image display device comprising 
a first substrate on which an electron emitting device having a film containing a plurality of carbon fibers is arranged, 

20 and a second substrate having a light emitting member and an anode electrode and arranged in opposition to the first 
substrate, wherein the carbon fiber is graphite nanofiber having graphene laminated not in parallel to the axial direction 
thereof, and wherein the number of electron emission sites of the film containing a plurality of carbon fibers is more 
than 10 3 /cm when electrons are emitted form the film containing a plurality of carbon fibers by electric field intensity 
more than 1 x 1 0 5 V7cm is applied between the film containing a plurality of carbon fiber and the anode electrode. 

25 [001 8] According to still further aspect of the present invention, there is provided a catalyst used to form carbon fiber 
comprising Pd and at least one element selected from the group consisting of Fe, Co, Ni, Y, Rh, Pt, La, Ce, Pr. Nd, 
Gd, Tb, Dy, Ho, Er and Lu, wherein 20atm% or more (atomic percentage) of the selected at least one element is 
contained to Pd. 

[001 9] According to still further aspect of the present invention, there is provided a catalyst used to form carbon fiber 
30 comprising Pd and at least one element selected in the group consisting of Fe, Co and Ni, wherein 20atm% or more 
(atomic percentage) of the selected at least one element is contained to Pd. 

[0020] According to still another aspect of the present invention, there is provided a method of making a film containing 
a plurality of carbon fibers comprising the steps of: arranging a catalyst on a substrate; and heat-treating the substrate 
on which the catalyst is arranged under circumstance including hydrocarbon gas and hydrogen, wherein the catalyst 
35 contains Pd and at least one element selected from the group consisting of Fe, Co, Ni, Y, Rh, Pt, La, Ce, Pr, Nd, Gd, 
Tb, Dy r Ho ; Er and Lu, and more than 20atm% (atomic percentage) of the selected at least one element is contained 
to Pd. 

[0021 ] According to still another aspect of the present invention, there is provided a method of making a film containing 
a plurality of carbon fibers comprising the steps of: arranging a plurality of catalytic particles on a substrate; and heat- 
<*o treating the substrate on which the plurality of catalytic particles are arranged under circumstance including hydrocar- 
bon gas and hydrogen, wherein the catalyst contains Pd and at least one element selected from the group consisting 
of Fe, Co, Ni : Y f Rh, Pt, La, Ce, Pr, Nd. Gd, Tb, Dy, Ho, Er and Lu, and 20atm% or more (atomic percentage) of the 
selected at least one element is contained to Pd. 

[0022] According to still another aspect of the present invention, there is provided a method of making an electron 
*5 emitting device comprising the steps of: 

disposing a film containing on a substrate; arranging a plurality of catalytic particles on the film containing metal; 
and heat-treating the substrate on which the plurality of catalytic particles are arranged under circumstance in- 
cluding hydrocarbon gas and hydrogen to form a plurality of carbon fibers, wherein the catalyst contains Pd and 
so at least one element selected in the group consisting of Fe, Co, Ni, Y, Rh, Pt, La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er 

and Lu, and more than 20atm% (atomic percentage) of the selected at least one element is contained to Pd. 

[0023] According to still another aspect of the present invention, there is provided a method of making an electron 
emitting device comprising the steps of: 

55 

disposing a film containing metal on a substrate; arranging a plurality of catalytic particles on the film containing 
metal; and heat-treating the substrate on which the plurality of catalytic particles are arranged under circumstance 
including hydrocarbon gas and hydrogen to form a plurality of carbon fibers, wherein the catalytice particles con- 
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spectrum characterise detected by STlSCSK^f.Sr^ to Rama " 

Raman scattering in which Raman shift is in a range of S± iSJSf S , ' h8S a peak of in,ens,, V of 
scattering in which Raman shift is in a range oMsao + 10kaiser Lk a second peak of intensity of Raman 
ofthefirs,„ 

spectrum characteristic detected by irradiating iJ^SS^^^^ 8CCOrt,ing t0 Raman 
Raman scattering in which Raman shift is in a range of 1355 ± ioS2-i \ , ™' 8 ^ Peak 0f int * ns ** ° f 

.sd„tweenb^ 

detected by irradiating laser having a wal^oS 
Raman s hift is in a range on355± 9 10tej ^ 

shrft ,s in a range of 1 580 ± 1 0kaiser, where n a £ ^ ° f Raman SCatterin 9 in Raman 

Haif-Maximum (FWHM1) of the second^ s^fXS^^^*^ °' firSt peak and a 
intensity h2. which is difference between KqrouSiZl-nH , ^ FWHM2/FWHM1 * 1-2. and wherein a relative 
and a reiat.e intensity „1 , which is «»lS^"SS^ d S2; 0, ? f^" SC8ttering * firet 
jj^^eak, satisfy a relation that 1 .3 < h2/M t,ack 9 round ,me ™ty and intensity of the Raman scattering at 

contalningapSftyof ^^S^SS^iSS^ " PWVWed 8 b0dy f0r a hydroge " stori "9. 
de ^ted by irradiating laserhavingawa^ 

containing aplura^ofca^onte^w;^^ iS providad a * a hydrogen storing, 

detected by irradiating laser having a wavetengtnT^ 
Raman shift is inarangeof 1355 ±1 oka.se^ 

sh,ft is in a range of 1580± 10kaiser, and wLefn a raX inteSnTT^ R8m8n in which Raman 

intensity and intensity of the Raman scattering aTfhe fi^tpeak and a SS ^ " etWeen b **9™nd 

background intensity and intensity of the Raman scattennn a^'th» h 1,1 ' Whfch is difference b ^een 

[0029] According to still another aspect o^he Sit T 8 re ' 8tion ,nat 1 -3 * "2/hl . 

contain i ng ap ,ura. rt yofcamonfibers > w P herIhe pl S 
detected by irradiating laser having a wavelength of sTiln^ 

rraXo^r^ 

scattenng at the first ^Z^Z^Z^X^ 'T? ^ ^ °' "» Ra ™ 
of the Raman scattering at the second peak, sa£fy a 2£T tnS " i ™^" '"^ a " d intansi <y 

BRIEF DESCRIPTION OF THE DRAWINGS 

caSicp?i e ^of\^ eXam ? les of ,he P^esa °* making electron emitting elements using 
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invention. 

[0034] Fig. 5 shows an example of a passive matrix circuit using a plurality of electron sources of the present invention. 

[0035] Fig. 6 shows an example of an image forming panel using the electron source of the present invention. 

[0036] Fig. 7 is a schematic diagram showing configuration of a carbon nanotube. 

[0037] Fig. 8 is a schematic diagram showing configuration of a graphite nanofiber. 

[0038] Fig. 9 is a graph showing characteristics of the electron emitting element of the present invention. 

[0039] Fig. 10 is a graph showing Raman Spectra of the electron emitting element of the present invention. 

[0040] Fig. 11 is a graph showing Raman Spectra of the electron emitting element of the present invention. 

[0041 ] Fig. 1 2 is a graph showing Raman Spectra and aging of the electron emitting element of the present invention. 

[0042] Fig. 13 is a graph showing Raman Spectra of conventional carbon fiber. 

[0043] Fig. 1 4 is a schematic diagram showing configuration of the electron emitting element of the present invention. 

[0044] Fig. 1 5 is a schematic diagram showing configuration of the electron emitting element of the present invention. 

[0045] Figs. 1 6A, 1 6B and 1 6C are schematic diagrams showing configuration of Graphite nanofiber. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0046] An embodiment of catalyst and method of making the catalyst, carbon fiber formed using the catalyst, and 
electron emitting device, cathode of a secondary battery, body for hydrogen storing, electron source and image forming 
apparatus using a carbon fiber according to the present invention is described in detail. But, size, material, shape and 
relative position of units described below do not limit the scope of the invention, if not mentioning specific limitation. 
The making process described below is also not unique. 
[0047] First of ail, the catalyst of the present invention is explained. 

[0048] The catalyst of the present invention particularly contains Pd used for growth of carbon fiber (promoting growth 
of carbon fiber), and at least one element of Fe : Co, Ni, Y, Rh, Pt : La, Ce, Pr : Nd, Gd, Tb, Dy, Ho, Er and Lu is added 
to the catalyst. And, in case of being used to form carbon fiber, the catalyst is preferable and important in the viewpoint 
that it controls shape such as diameter of the carbon fiber of a particle state. 

[0049] Among the elements added in combination with Pd, it is preferred that at least any of Fe, Ni and Co is added, 
and combination of Pd and Co is more preferable. If the carbon fiber is made using catalytic particles containing Pd 
and any selected element among Fe, Ni and Co and applied the obtained carbon fiber to an electron emitting device, 
it is possible to obtain very excellent applied voltage-electron emission current characteristics. At the same time, it is 
also possible to obtain stable electron emitting characteristic for a long time. In addition, it is also preferred that the 
added element (Fe, Ni or Co) composes the catalytic particles in an alloy state with Pd to make a plurality of carbon 
fibers stably with high uniformity. 

[0050] At this time, the term "carbon fiber" in the present invention means fiber containing carbon as a main com- 
ponent or carbon in state of fiber. And, "carbon fiber" of the present invention includes carbon nanotube, graphite 
nanofiber, amorphous carbon fiber and diamond fiber. And, as described later, in the electron emitting device of the 
present invention, graphite nanofiber is preferably used among the carbon fibers in aspect of its electron emission 
characteristic. 

[0051] The reason that Pd is used as a component in the present invention is as followed. 

[0052] Though other catalysts except Pd become oxide by reaction with moisture and oxygen in atmosphere as soon 
as they are exposed to the atmosphere, Pd catalyst maintains metallic combining state more stably rather than other 
catalysts. 

[0053] Particularly, the metallic catalytic particles in Fe group have danger of explosion due to abrupt chemical re- 
action when being exposed to the atmosphere, while the metallic Pd catalyst does not have such danger. And, metallic 
catalysts containing Co, Ni, Fe or the like added to Pd progress oxidation reaction slowly, so enabling to treat the 
catalyst safely. 

[0054] On the other hand, Pd shows a unique behavior related to nature of easily receiving hydrogen in the catalyst. 
If exposing Pd to deoxidization circumstance of such as hydrogen or organic gas, particles containing hydrogen are 
combined each other at a relatively low temperature (more than about 450°C) to be particles having bigger shape than 
that of an initial state. Owing to such phenomenon, there are caused some problems for Pd particles changing into 
bigger shape in the facts that growth temperature of carbon fiber is raised and threshold of electron emission is in- 
creased. 

[0055] To avoid such problems, there is a method of not exposing the catalyst to hydrogen or hydrocarbon until 
reaching at a temperature required for growth of carbon fiber, but there is found more effective method that prevent 
deformation to be larger particle by adding at least one of Fe, Co, Ni, Y, Rh, Pt, La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er and 
Lu (preferably Fe, Co or Ni) into Pd particles to be combined each other. 

[0056] The above result is remarkable when a ratio of the added element to Pd is more than 5atm% (atomic per- 
centage). And, if the ratio (atomic percentage) of the added element to Pd exceeds 80atm%, It tends to require deox- 
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extomely changed since the cataiyst has charSSS^SS J . ° f ,0rn,ed Cart,0n flber ten * to be 
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comaming a plurality of graphite nanofibers is used I « electron """"A devi ^ in which the film 
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line), at least 1 .3 tfmes of a relative Intensity M , which is a difference between Raman scattering intensity of the second 
peak and background intensity. And more preferably, in the film containing a plurality of carbon fibers of the present 
invention, a relative intensity h2 ? which is a difference between Raman scattering intensity of the first peak and back- 
ground intensity (baseline), is 1 .3 times or more and 2.5 times or lower of a relative intensity hi , which is a difference 
between Raman scattering intensity of the second peak and background intensity. 

[0070] in addition, in this invention, the background intensity designates one connecting Raman scattering intensity 
at 11 00 cm* 1 and Raman scattering intensity at 1 700 cm* 1 in a straight line in an averaged result of an actual measured 
Raman spectrum graph. 

[0071] And, the film containing a plurality of carbon fibers of the present invention satisfies the relation between Full- 
Width Half-Maximum of the first peak FWHM2 and Full-Width Half -Maxim urn of the second peak FWHM1 that 
FWHM2/FWHM1 £ 1 .2. 

[0072] And preferably, the film containing a plurality of carbon fibers of the present invention satisfies the relation 
between Full-Width Half-Maximum of the first peak FWHM2 and Full-Width Half-Maximum of the second peak FWHM1 
that FWHM2/FWHM1 <, 1 .2, and has a relative intensity h2, which is a difference between Raman scattering intensity 
of the first peak and background intensity (baseline), at least 1 .3 times of a relative intensity hi , which is a difference 
between Raman scattering intensity of the second peak and background intensity. And more preferably, the film con- 
taining a plurality of carbon fibers of the present invention satisfies the relation between Full-Width Half-Maximum of 
the first peak FWHM2 and Full-Width Half-Maximum of the second peak FWHM1 that FWHM2/FWHM1 £ 1 .2, and a 
relative intensity h2, which is a difference between Raman scattering intensity of the first peak and background intensity 
(baseline), is 1 .3 times or more and 2.5 times or lower of a relative intensity hi , which is a difference between Raman 
scattering intensity of the second peak and background intensity. 

[0073] More preferably, the film containing a plurality of carbon fibers of the present invention has a relative intensity 
h3, which is a difference between a minimum intensity between the first peak and the second peak (or between D band 
and G band) of Raman scattering intensity and the background intensity, 1/1 0 or lower of a relative intensity h2, which 
is a difference between a minimum intensity of Raman scattering intensity having the first peak, in addition to each of 
the above characteristics (the Full-Width Half-Maximum of the first peak and the second peak and/or the intensity ratio 
between the first peak and the second peak). And, more preferably, the relative intensity h3 is 1/15 or lower of the 
relative intensity h2. 

[0074] As described above, by the fact that the minimum intensity h3 of Raman scattering intensity is 1/1 0 or lower, 
particularly 1 /1 5 or lower, of Raman scattering intensity having the first peak in relation of the first peak and the second 
peak (or D band and G hand), crystallization of the carbon fiber is improved and thus it is possible to maintain the good 
electron emission characteristic for a long time. 

[0075] The electron emitting device using the film containing a plurality of carbon fibers of the present invention 
satisfying the above conditions has greater initial electron emission current density, as described below, or lower de- 
terioration of the electron emission characteristic with time, and may become an electron emitting device with good 
life characteristic. Though the reason that the good life characteristic is obtained for a long time is not clear, it is judged 
in the present invention that the relation with h3 is also one of important factors in addition to the relation between ht 
and h2 and the relation between FWHM1 and FWHM2. In addition, the relation between h2 and h3 gives a stability of 
electron emitting characteristic. 

[0076] Now, an example of methods for making the film containing a plurality of carbon fibers is described. But, size, 
material, shape, relative position, used gas and chemicals of units described below are just one example, but not 
intended to limit the scope of the present invention. 

[0077] The film containing a plurality of carbon fibers with the above Raman shift characteristics can be obtained by 
growing carbon fibers through the below-described catalytic particles of the present invention (particularly, particles 
comprising Pd and Co alloy or particles comprising Pd and Ni alloy). 

[0078] The electron emitting device using particularly graphite nanofiber among carbon fibers made using the cata- 
lytic particles of the present invention is not limited to device configuration shown in Fig. 2 described later, and may 
generate electron emission at a low electric field, and be able to obtain large emitting currents, and be easily manu- 
factured, and have stable electron emission characteristics. 

[0079] Graphite nanofiber, differently to carbon nanotube and so on, has fine convex and concave protrusions on a 
surface (a side of fiber) as shown in Fig. 8 or the like, so thus it is thought that electric field concentration may be easily 
appeared and the electron will be easily emitted. And, it is also considered that the electron emission would be easier 
since graphene has an extended shape from a central axis of the fiber toward outside (surface) of the fiber. One carbon 
nanutube is chemically inert since the side of fiber is basically corresponding to (002)plane of graphite and does not 
have protrusion like the graphite nanofiber, so it could be thought that electron emission is not easy at the side of fiber. 
For that reason, graphite nanofiber among carbon fibers is considered preferable for the electron emitting device. 
[0080] For example, it is possible to set the film containing a plurality of graphite nanofiber as an emitter and then 
make an electron emitting device, by providing electrode (gate electrode) for controlling electron emission from this 
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possible to configure an image disp,ay devce sSaTS^ 
f<''™ontaining a p,u ra ,^ 
* such as fluorescent substance. The electron emitting Se Sr ^"^'^^^me-rbe 
graphite nanofiber of the present invention may JSmZS£££^ ?? ^ device "*0 the 
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[0082] As an examp.e of the methods ^T^Z^^ * e,ect ™ ST 

there ,s vacuum coevaporation, and specifically it fe S2£ e to mJl art t ^ ,at " ate, y s, ) 0 'the present invention, 
source of the vacuum evaporation and at least one eCX^i , ^ by ° Sin9 Pd as a first evaporation 
La. Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er and Lu as a se^ndl . 9r ° Uf> """"""ns of Fe, Co, Ni, Y Rh Pt 

[0083] Asforthe vapor evaporation ^^ut^^l 80 ^ 0 '^^^ 0 ^' 
sputter method and so on, but the sputter meThod is SSZZ^T*"^ ^ «W»o«. 

St intr; SSLS l^^i^^^ T~\ ^ ** °< » a 

he^resent invention is in a particle state for examplT " F ' 9S ' 1 and 2 ' At ,his »e catalyst of 

f«m contain^ l^^T^T^^ * ° f «<**™ emitting device using the 

along 2B-2B line of Fig. 2A. * Pr6Sem ' nVen,IOn ' while "8- 2B is a schematic sectional taken 

conductive material layer, which is made ^b^T^XES VST™ " " ^ and 205 • 
ducttve material layer 205 Is not essential Though tt cathll t ,° 7 thr ° U9h the ^'J* 0 P articl ^- This con- 
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alloyed in aspect of forming the carbon fiber of th a nr™ ' * ^ Dy ' Ho ' Erand Lu ) combined with Pd are 
[0091] Hereinafter, an example Tr^ZX^ZeZT^ "* and Ruction, 

described in detail with reference to Fig 1 9 e ' emem ° f ,he P resent inve <*on shown in Fig. 2 is 
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1 02 and the cathode electrode 1 03 with a gap (between the electrodes 1 02 and 1 03) 5fim are formed (Fig. 1 A). Materials 
of the gate electrode 102 and the cathode electrode 1 03 are selected from, for example, carbon, metal, nitride of metal, 
carbide of metal, metallic boron, semiconductor and metal compound of semiconductor Materials of the gate electrode 
102 and the cathode electrode 103 are preferably carbon, metal, nitride of metal, carbide of metal and so on, which 
have heat resistance. Thickness of the gate electrode 102 and the cathode electrode 103 may be set in range from 
several tens of nm to several tens of urn 

[0094] Hereinafter, patterning of film or resist using the photolithography process, film forming, lift-off, etching and 
so on is called simply as "patterning". 

(Step 2) 

[0095] The resist pattern 1 04 is formed using negative type photoresist used for lift-off of an upper layer in the pho- 
tolithography process (Fig. 1 B). 

[0096] Then , in this example, a conductive material layer 1 05 is formed on the cathode electrode. In case of arranging 
the conductive material layer 105, it is preferred to use nitride of at least one of 7i, Zr, Ta and Nb as its material. 
Particularly, TIN is preferred in aspect of growing the carbon fiber stably. 

[0097] And then, the catalyst 106 of the present invention is formed on the conductive material layer 1 05 by using 
the above-described vacuum evaporation or liquid coating and so on(Fig. 1C). In order to arrange the catalyst of the 
present invention in a particle state, there can be used a method of spin coat of liquid containing ultrafine particles or 
a method of forming a catalytic layer by sputtering and then making it into particles by heating and aggregation under 
hydrogen circumstance. In the electron emitting device, the method using aggregation by heating under the hydrogen 
circumstance with assuring sufficient electric contact between the carbon fiber and the cathode electrode is preferred. 
[0098] The catalytic particle of the present invention has a diameter 1 nm or more and 100nm or lower, and more 
preferably 10 to 80nm. In order to make the catalyst having such a diameter, the catalyst is piled to a thickness of 1nm 
or more and 1 0Onm or lower, and then heated under hydrogen circumstance. 

(Step 3) 

[0099] By lifting off the conductive material layer 105 and the catalytic particle 106 on the resist through use of 
separation liquid of the resist patterned in the process 2, the conductive material layer 1 05 and the catalytic particle 
1 06 are patterned as desired (Fig. 1 D). 

(Step 4) 

[0100] Then, the substrate on which the gate electrode 1 02, the cathode electrode 1 03 and the catalytic particle 1 06 
are arranged is heat-treated under circumstance including gas having carbon. And, as for the gas having carbon, 
hydrocarbon gas is preferably used. As for hydrocarbon gas, a gas selected among acetylene, ethylene, benzene and 
acetone is preferably used. And, it is also preferred that the hydrocarbon gas is in contact with the substrate 1 with 
being mixed with hydrogen. And, such heating (heat treatment) is conducted at a temperature of 400°C or higher and 
800° C or lower. 

[01 01] If observing a surface of the conductive material layer 1 05 with SEM (a scanning electronic microscope) after 
such treatment, it would be understood that a plurality of carbon fibers are formed (Fig. 1 E). In the present invention, 
the region created by arrangement of a plurality of carbon fibers is called as "a film containing a plurality of carbon 
fibers". In the present invention, fiber used for particularly the electron emitting element preferably has a diameter of 
5nm or more and 1 0Onm or lower, and more preferably 1 0 or more and 30nm or lower. Deviating this range may cause 
decrease of the life and make it impossible to obtain sufficient emission current. 

[0102] The electron emitting device using the film containing a plurality of carbon fibers, as constructed above, Is 
explained with reference to Figs. 3 and 4. 

[0103] The device in which the gate electrode and the cathode electrode are spaced apart as much as a gap of 
several u.m is installed to a vacuum device 408 as shown in Fig. 3, and a vacuum exhaust device 409 exhausts gas 
until reaching at about 10' 4 Pa. As shown in Fig. 3, the anode electrode 410 is installed to a height H of several mm 
from the substrate by using a high voltage power source to apply high voltage V a of several kVs (kilo-volts). 
[0104] And, a phosphor 411 on which a conductive film is coated is installed to the anode 410. 
[0105] At the device, device current l f and electron emission current ! e flowing by applying pulse voltage of about 
several ten V as driving voltage V f are measured. 

[0106] At this time, it is thought that an equipotential line 412 is formed as shown in Fig. 3. A point where the electric 
field is most concentrated is considered to be an inner space of the gap from the anode 410 of an electron emitting 
material (carbon fiber) designated by 413. 
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the cathode, as shown in the sectional view of Fig. 2. By using the configuration of Figs. 2A and 2B, It is possible to 
obtain the electron emitting device with high efficiency and lower spreading of the emitted electron beam. 
[0121] In addition, though It is shown in Fig. 2 that the gate electrode 202 and the cathode 203 have identical thick- 
ness, the cathode may have greater thickness than that of the gate electrode in other configurations. Additionally, such 
configuration can be modified even if an insulation layer with a suitable thickness is arranged between the cathode 
and the substrate. 

[01 22] As for preferable content of Co included in the catalyst, the inventors have conducted investigation for different 
content of Co. As a result., it has been found that voltage width (amplitude voltage width) and threshold required for 
obtaining certain current is varied depending on concentration of Co. As a result, in the viewpoint of Increased threshold 
and voltage width required to obtain certain current from carbon fiber, it is preferred to add at least 20% of Co to Pd. 
And, if a fraction of Co is less than 20atm%, it is impossible to obtain good electron emission characteristic for a long 
time in the formed electron emitting device using the film containing a plurality of carbon fibers. In addition, it has been 
found that a minimum growth temperature of carbon fiber can substantially not obtained with a general substrate If a 
fraction of Co In the catalyst containing Pd and Co exceeds 80atm%. It has also been found that. If a fraction of Co 
exceeds 80atm%, stability is better but the electron emission characteristic is deteriorated. As a result, a fraction of 
Co in the catalyst containing Pd and Co is 20atm% or more and 80atm% or lower. 

[0123] As a specific example, a measurement system is configured composed of parallel plate and so on by electri- 
cally connecting and the carbon fibers grown with different content (0%, 23%, and 50%) of Co added to Pd and then 
positioning them in a vacuum chamber, and then applying high positive voltage to a faced anode. Fig. 9 shows results 
measuring electron emission amounts emitted from the fiber in one embodiment of the present invention. 
[0124] As shown in Fig. 9, in this example, one having the smallest amplitude voltage width (width of voltage required 
for obtaining certain current as the electron emission current l e increases from zero) is Co: 50atm% for the smaller 
one. As this amplitude voltage width is smaller, cost for the device required for driving control is decreased. In detail, 
as a result of investigation with changed added contents, the amplitude voltage width is effectively lowered rather than 
the case of 1 00% of Pd when Co is or more 20atm%. Therefore, the cost of driving device is reduced as the threshold 
is lower even for an increased threshold. As apparently understood in Fig. 9, it is observed that the threshold is lowered 
as the content of Co to Pd is increased. 

[0125] On the other hand, a maximum content of Co to Pd is investigated in another aspect. In order to dissolve 
hydrocarbon gas using the catalyst, an oxidized film existing on a surface of the catalyst should be removed. Though 
the oxidized film is removed by exposing the catalyst to high temperature by using such as hydrogen, this removing 
temperature becomes one of factors determining the lowest limit of growth. After investigating the lowest limit of growth, 
the inventors have found that the lowest limit is about 400°C at Pd: 100%, but about 410°C at Co: 23atm%, about 
500°C at Co: 50atm% and about 600*C at Co: 100%. As a result of investigation with more modified content of Co in 
more detail, it has been found that the minimum growth temperature is abruptly increased when a fraction of Co exceeds 
80atm% t which is substantially equal to the case of Co: 100%. 

[0126] As easily understood from the results, when using the carbon fiber grown from the catalytic particles using 
materials including Pd and Co (more specifically, alloy of Pd and Co), a preferable concentration of Co is 20 to 80atm%. 
Such a preferable range of concentration is equal for Fe and Ni, which are materials to be added to Pd. 
[0127] Now, the image forming apparatus obtained by arranging a plurality of electron emitting elements to which 
the present invention is applicable is described with reference to Figs. 5 and 6. In Fig, 5, 601 denotes an electron 
source substrate, 602 denotes X-directional wire, 603 denotes Y-directional wire, 604 denotes the electron emitting 
device of the present invention and 605 denotes a wire connection. 

[0128] in Fig. 5, m number of X-directional wires are composed of DX,, DX 2 , DX m . Material, film thickness and 
width are suitably designed. The Y-directional wires 603 includes n number of wires DY 1 , DY 2 , DY n , identical to the 
X-directional wire 602. An insulation interiayer, not shown, is arranged between m number of the X-directional wires 
602 and n number of the Y-directional wires 603 to separate them electrically (m and n are all positive integer). 
[0129] The X-directional wire 602 and the Y-directional wire 603 are ail drawn out as external terminals, respectively. 
[0130] A pair of electrodes (not shown) composing the electron emitting device 604 of the present invention is elec- 
trically connected through the wire connections 605 to m number of the X-directional wires 602 and n number of the 
Y-directional wires 603. 

[01 31 ] A scanning signal applying means, not shown , for applying scanning signals is connected to the X-directional 
wire 602 In order to select a row of the electron emitting device 604 of the present Invention arranged to X direction. 
On the other hand, a modulated signal generating means, not shown, for modulating each column of the electron 
emitting device 604 of the present invention, depending on an input signal, arranged to Y direction is electrically con- 
nected so as to select individual device to be independently operated. 

[0132] Such an image forming apparatus composed using the electron source in a simple matrix arrangement is 

described with reference to Fig. 6. Fig. 6 shows a display panel of the image forming apparatus. 

[0133] In Fig. 6, 701 denotes, an electron source substrate In which a plurality of electron emitting devices are ar- 
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(Examples) 

[0138, Hereinafter, exampies of the present invention are described in detaii. 
<Example 1> 

(Stepl) 
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(Step 3) 
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particle 106 are patterned as desired (Fig. 1D). 
(Step 4) 

[0148] Then, they are heated in ethylene gas flow. After investigation with a scanning electronic microscope, It is 
found that a plurality of carbon fibers are formed. (Fig. 1 E) Moreover, the carbon fibers were graphite nanofibers. 
[0149] The electron emitting device made as above are mounted in a vacuum device as shown in Fig. 3, and gas is 
exhausted by the vacuum exhausting device 409 until reaching to 2xlO* 5 Pa. Positive voltage V a =10kV is applied to 
the anode 411 H=2mm spaced apart from the device as shown In Fig. 3. At this time, device current If and electron 
emission current l e flowing by applying pulse voltage having driving voltage V f are measured at the device. 
[0150] l f and l e characteristics of the device are shown in Fig. 4. In other words, l e is abruptly increased at about half 
of the applied voltage, and about 1uA of the electron emission current l e is measured when V f is 15V. On the other 
hand, though i f has similar characteristics to l e , but its value is low more than one order, compared with l e . 

<Example 2> 

[0151] In the second embodiment, Pd and Fe are added as catalytic particles by common co -evaporation method. 
[0152] In the present embodiment, after making the electron emitting device in a similar manner to the first embod- 
iment, except that the second process is conducted as below, i f and l e are measured. 

(Step 2) 

[0153] The resist pattern 104 is formed using negative type photoresist used for lift-off of an upper layer in the pho- 
tolithography process (Fig. 1B). 

[0154] Then, TiN layer is formed as a conductive material layer 1 05 on which the carbon fiber 107 would be grown 
with the medium of the catalytic particles 1 06. 

[0155] And, the catalytic particles 1 06 of the present invention are formed by a common electron beam (two materials 
simultaneousiy) evaporation manner as follows. Then, the catalytic particles are deposited on TiN layer by using Pd 
and Fe as vacuum evaporation sources. As a result, the catalytic particles 106 containing Fe component of 20atm% 
to Pd is formed in an island shape (Fig. 1C). 

[0156] i f and l e characteristics of the device are identical to those of Fig. 4. in other words, l e is abruptly increased 
at about half of the applied viltage, and about 1|xA of the electron emission current t e is measured when V f is 15V. On 
the other hand, though l f has similar characteristics to l e , but its value is low more than one order, compared with l e . 
Moreover, the carbon fiber formed in this example was a graphite nano fiber. 

<Example 3> 

[0157] In the third embodiment, Pd and Ni are added as catalytic particles by liquid coating. 
[0158] In the present embodiment, after making the electron emitting element in a similar manner to the first embod- 
iment, except that the second process is conducted as below, l f and l e are measured. 

(Step 2) 

[0159] The resist pattern 1 04 is formed using negative type photoresist used for lift-off of an upper layer in the pho- 
tolithography process (Fig. 1B). 

[0160] Then, TiN layer is formed as a conductive material layer 105 on which the carbon fiber 107 would be grown 
with the medium of the catalytic particles 1 06. 

[0161 ] And, the catalytic particles 1 06 of the present invention are formed by liquid coating as follows. By using mixed 
solution of acetic acid complex of Pd and Ni, the mixed liquid is spinner-coated. After coating, it is heated at the at- 
mosphere. As a result, the catalytic particles 106 containing Ni component of 25atm% to Pd is formed in an Island 
shape (Fig. 1C). 

[0162] l f and l e characteristics of the element are identical to those of Fig.~4. In other words, l e is abruptly increased 
at about half of the applied viltage, and about 1u,m of the electron emission current l e is measured when V f is 15V, On 
the other hand, though l f has similar characteristics to l e , but its value is low more than one order, compared with I . 
Moreover, the carbon fiber formed in this example was a graphite nano fiber. 
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[0179] And, an interlayer spacing d(002) is measured to be 0.35nm. 

[0180] In addition, in the center of the fiber, there exist an element in which the graphene layer is omitted and an 
element which is not distinct. 

[0181] As a result of measuring Raman spectrum characteristic by irradiating laser rays with wavelength of 514.5nm 
5 on the graphite nanofibers, the result is as shown in Fig. 10. 

[0182] From this result, it is found that FWHM 1 is 6Bkaiser(cm- 1 ), FWHM 2 Is 55kaiser(cm* 1 ) and h2/h1 is 2.2. 

[0183] On the other hand, when being replaced with the catalyst containing 100% of Pd without adding Co and the 

catalyst containing 23atm% of Co added to Pd, the film containing a plurality of carbon fibers Is formed using each 

catalytic particle, identically to this embodiment. 
10 [0184] And, the electron emission characteristics of the film formed using the catalyst containing 50atm% of Co 

added to Pd prepared in this embodiment, the film formed using the catalyst containing 1 00% of Pd and the film formed 

using the catalyst containing 23atm% of Co added to Pd are compared. Their comparison results are schematically 

shown in Fig. 12. 

[0185] Fig. 12A shows results of Raman spectrum measurement obtained by irradiating laser with wavelength of 
15 514.5nm on the carbon fiber formed using the catalyst containing 100% of Pd without adding Co. 

[0186] Likewise, Fig. 12B shows results of Raman spectrum measurement obtained by irradiating laser with wave- 
length of 514.5nm on the carbon fiber formed using the catalyst containing 23atm% of Co added to Pd. 
[01 87] And, Fig. 1 2C shows results of Raman spectrum measurement obtained by irradiating laser with wavelength 
of 514.5nm on the graphite nanofiber formed using the catalyst containing 50atm% of Co added to Pd, prepared in 
20 this embodiment. 

[0188] As shown in Fig. 14, a substrate 1 on which a film 4 containing a plurality of carbon fibers arranged on the 
cathode 3 prepared in this embodiment is positioned in a vacuum chamber 9. In Fig. 14, 1 denotes the substrate, 3 
denotes the cathode, 4 denotes the film containing a plurality of carbon fibers, 61 denotes an anode substrate, 62 
denotes a transparent anode using ITO. 5 denotes an insulating spacer, 6 denotes an ammeter. 7 denotes a high 
25 voltage power source, 8 denotes a vacuum pump and 9 denotes the vacuum chamber. A glass substrate 61 to which 
a transparent electrode is attached through the insulating spacer 5 is installed. The high voltage power source 7 and 
the ammeter 6 are respectively connected thereto, and inner pressure of the vacuum chamber 9 is set to 1 xlO _9 Pa 
of vacuum level by using the vacuum pump 8. 

[0189] And, high voltage V a is applied to the anode 62, and then electron emission amount emitted from the each 
30 film containing carbon fibers formed with different content of Co to Pd is measured by the ammeter 6. And at the same 
time, time dependence (life characteristic) of electron emission characteristics of the each film containing carbon fibers 
is measured. 

[0190] At this time, it is assumed that three kinds of films corresponding to Figs. 12A to 12C have same thickness. 
[0191] In addition, in the present invention, current density when electron emission current does not Increase in 
35 exponential relation though voltage increases in view of V-l characteristic when voltage of the anode is increased slowly 
is defined as a maximum current density of the each film. 

[0192] And, in the first place, the maximum current density is measured for the each film, and set to as an initial 
value of the maximum current density. And, change of current density to time when voltage achieving the initial value 
of the maximum current density is continuously applied to the each film is measured. 
40 [0193] Results of investigation for change of life by measuring current density change of each film are indicated by 
(1) to (3) in Fig. 12, each of which corresponds to (a) to (c) of Fig. 12 respectively. 

[0194] In the graphite nanofiber film {(3) in Fig. 12) of this embodiment, the current at a maximum current density is 
80mA/cm 2 and falloff of the current is maintained at an approximately constant value. However, in the carbon fiber film 
((2) in Fig. 12) in which only 23atm% of Co is added to Pd, though an initial value of current density is equal to that of 

^5 the graphite nanofiber film((3) in Fig. 1 2) of this embodiment, the electron emission characteristic is rapidly decreased, 
in addition, in the carbon fiber film ((1) in Fig. 12) in which no Co is added to Pd, an initial value of current density is 
less than the case of this embodiment and the electron emission characteristic is also rapidly decreased. 
[0195] And, in the measurement system shown in Fig. 14, density of the electron emission site is 10 3 /cm 2 or more 
when an electric field of 1 x 10 5 V/cm is applied to the film (Co: 50atm%) prepared In the present embodiment. In 

so addition, 10 3 /cm 2 or more of graphite nanofibers are arranged in the film (Co: 50atm%) prepared in this embodiment. 
[0196] In addition, since a definite peak is not observed in the film containing carbon fibers shown in (a) of Fig. 12, 
it is difficult to define height of peak (Raman scattering intensity) and FWHM. 

[01 97] In the film containing carbon fibers shown in (b) of Fig. 1 2, definite peaks are observed near 1 355kaiser (cm' 1 ) 
and near 1580kaiser. However, the FWHM is wider in the portion shown near 1355kaiser than that shown near 
55 1 580 kaiser. 

[0198] In the film containing graphite nanofibers prepared in this embodiment shown in (c) of Fig. 12, Raman spectra 
has a first peak in a range of 1355 ± 10kaiser and a second peak in a range of 1580 ± 10kaiser. And, the FWHM of 
the peak shown in 1355 ± 10kaiser is narrower than that shown in 1580 ± 10kaiser. In addition, the height of peak 
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fiber shown in Fig. 12C. 

[021 0] And, after repeating such charging and discharging, the carbon electrode (cathode) using a plurality of graphite 
nanofiber shown in (c) of Fig. 1 2 of the present invention shows significantly stable charging/discharging characteristic 
and rapid charging characteristic at the same time. And the carbon electrode (cathode) using a plurality of carbon fiber 
shown in (b) of Fig. 12 shows superior stability of charging/discharging capacity than that Of using a plurality of carbon 
fiber shown in Fig. 12C. 

[0211] The cathode made in this embodiment is used as a cathode of a lithium ion secondary battery for measure- 
ment. At this time, lithium transitional metal oxide is used as anode active material for the anode. 
[0212] In order to make the cathode with graphite nanofibers of the present invention, a plurality of the graphite 
nanofibers of the present invention may be made into a pellet shape by using such as binder. 
[0213] The cathode using the graphite nanofiber of the present invention may be preferably applied to the lithium 
ion secondary battery as a secondary battery(rechargeable battery). In addition, as a cathode material, a transitional 
metal is preferably included. And, as electrolytic solution, any one which is commonly usedforthe lithium ion secondary 
battery will do. 

<Example 7> 

[0214] This Example is different from the above embodiment in fact of Pd (70atm% of Nl is added) is used for the 
catalyst instead of the catalyst of the Example 6 and in fact of carbon fiber forming method. 

[0215] In order to form carbon fiber, a substrate having the catalytic particles arranged on the cathode made of TiN 
is put into a furnace, and then after exhausting gas in the furnace sufficiently, gas in which 1 vol% of hydrogen is mixed 
with helium (He) and gas in which 1 vol% of ethylene is mixed with helium are put in the furnace at near 1 :1 ratio to 
have inner pressure of 400Pa. 

[0216] Then, the above furnace is heated to 600°C and maintained at the temperature for 30 minutes so that same 
graphite nanofiber as in the 6th embodiment is grown. 

[0217] After measuring Raman spectrum characteristic by irradiating laser of 514.5nm to this graphite nanofibers as 
well as in the Example 6, the results as shown in Fig. 11 are obtained. 

[021 8] From those results, FWHM1 is 70kalser(crrr 1 ), FWHM2 is 55kaiser and h2/h1 is 1 .8, all of which satisfy relation 
of FWHM and intensity ratio of Raman scattering. 

[0219] Then, identically to the Example 6, time dependency (life characteristic) of electron emission amount emitted 
from the film containing the graphite nanofibers of this embodiment is measured. 

[0220] As a result, though emission current at the maximum current density is higher than that of the device(film) of 
the Example 6 ((3)of Fig. 12), decrease of emission current density takes more time for going to a constant value, 
compared with the device of the Example 6 ((3) of Fig. 12). However it obtains characteristics superior to the devices 
of (2) of Fig. 12 or (1) of Fig. 12 in the Example 6, and close to the device of the Example 6. 

[0221] And, in the film containing a plurality of graphite nanofibers prepared in this Example also, density of the 
electron emission site is more than 10 3 /cm 2 when an electric field of 1 x 10 5 V/cm is applied, according to the meas- 
urement system shown in Fig. 14 by using same measuring method as the Example 6. In addition, 1 0 3 /cm 2 of graphite 
nanofibers are arranged in the film prepared in this Example. 

<Example 8> 

[0222] This Example is different from the Example 6 in fact that Ni-Pd is used as an element composing catalyst and 
in fact of carbon fiber forming method. 

[0223] First of all, Pd-Ni catalyst is made by putting several scales (about 2cm square) containing 1 00% of Pd upon 
a sputtering target made of 1 00% of Ni of a sputter-evaporating device and then sputtering them at the same time, and 
about 4nm of film made of Pd-Ni is evaporated on TiN cathode. And, by adjusting ratio of Pd scales put on Ni, there 
are prepared films respectively containing 20atm% of Ni, 50atm% of Ni and 80atm% of Ni to Pd. 
[0224] In addition, there is separately prepared a substrate in which Pd film with a thickness of 4nm is evaporated 
on TiN cathode by preparing only a sputtering target having 1 00% of Pd. 

[0225] Then, Pd 1 00%, Pd-Ni(20atm%), Pd-Ni(50atm%), Pd-Ni(80atm%) and Ni 1 00% substrates formed as above 
are put into an infrared furnace (IR furnace), and hydrogen (2%) diluted by inert gas and ethylene (C 2 H 4 , 2%) diluted 
by inert gas are flowed In at 1 :1 ratio, then the furnace maintained at 580°C for about 5 minutes and then cooled. 
[0226] 5 kinds of substrates are respectively cut and photographed by SEM, and a thickness of the film containing 
a plurality of carbon fibers is measured. In addition, for the film containing a plurality of carbon fibers formed on each 
substrate, Raman spectrum characteristic Raman spectrum) detected by irradiating laser with a wavelength of 51 4.5nm 
is measured as well as the embodiment 6. Each value of FWHM1 , FWHM2, hi , h2, h3 and film thickness at this time 
is subscribed in the following Table 1 . 
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f carbon fiber are identical to the Example 8. 



JTable 2) 



Atm%\ 
Pd-Co 


hi 

relative 
value 


h2 

relative 
value 


h3 

relative 
value 


FWHM1 
kaiser 


FWHM2 
kaiser 


film 

thickness 


20% 
Pd-Co 


52 


38 


12 


119 


196 


Mm 

-3 


50% 
Pd-Co 


52 


47 


7 


50 


112 


-1 


80% 


52 


49 


7 


45 


90 


-1 



[0233, Then, time dependence <i!e S2^7JSS2 C ° * added 2 « " ™- 

Examp, e , n the same condition as the Em£3£££ ^ emitted f ™ *• carbon fiber of this 
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alloy show electron emission characteristic near (2) of Fig. 12 shown in the Example 6, but worse than the electron 
emitting device prepared in the Example 6 (the characteristic is shown in (3) of Fig. 12). And, the catalytic particles 
having 100% of Co shows low growth of carbon fiber and low electron emission characteristic. On the other hand, the 
device using a plurality of carbon fibers formed using the catalytic particles having 1 00% of Pd shows electron emission 
characteristic equal to (1) of Fig. 12 shown in the Example 6. From those results, it is determined that an effective 
range of Co addition is 20atm% to 80atm%. 

<Exampie 10> 

[0235] In this Example, growth temperature of carbon fiber in the Example 8 is changed from 580°C to 630°C. Others 
are identical to the Example 8. Its results are shown in Table 3. 



(Table 3) 





hi 

relative 
value 


h2 

relative 
value 


h3 

relative 
value 


FWHM1 
kaiser 


FWHM2 
kaiser 


Pd-Ni 
20% 


52 


79 


12 


63 


73 


Pd-Ni 
50% 


52 


11,2 


7 


59 


52 


Pd-Ni 
80% 


52 


89 


7 


56 


59 


Ni 

100% 


52 


50 


7 


50 


55 



[0236] And, growth in a test piece having 100% of Ni is better than that of the Example 9, but the growth of carbon 
fiber is very slow, compared with the case that particles of Pd-Ni alloy are used. In addition, it is found that the FWHM 
s (FWHM1 and FWHM2) are significantly decreased when Ni is added 20atm% or more. 

[0237] Then, time dependence (life characteristic) of electron emitting amount emitted from the carbon fiber of this 
Example in the same condition as the Example 6 is measured. 

[0238] As a result, it is possible that all of devices(films) comprising a plurality of carbon fibers formed using the 
catalytic particles of Pd-Ni alloy show electron emission characteristic near (2) of Fig. 12 shown in the Example 6. And, 
the catalytic particles having 100% of Ni shows low initial electron emission current density rather than one using 
catalytic particles of Pd-Ni alloy. On the other hand, the device(film) comprising a plurality of carbon fibers formed using 
the catalytic particles having 100% of Pd shows electron emission characteristic equal to (1) of Fig. 12 shown in the 
Example 6. From those results, it is determined that an effective range of Ni addition is 20atm% to 80atm%. 

<Example 11 > 

[0239] In this example, growth temperature of carbon fiber in the example 9 is changed from 580°C to 630°C. Others 
are identical to the ninth embodiment. Its results are shown in Table 4. 



(Table 4) 



^tm% s \ 


hi 

relative 
value 


h2 

relative 
value 


h3 

relative 
value 


FWHM1 
Kaiser 


FWHM2 
Kaiser 


Pd-Co 
20% 


52 


79 


12 


60 


73 


Pd-Co 
50% 


52 


110 


7 


49 


57 


Pd-Co 
80% 


52 


105 


7 


49 


50 
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[0241] Then, dme dependence (life characteristic) of elecln 1 " " ° f 20atm% or ™ re - 
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[0243] A result that Fe Is added to Pri in M m 
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(Table 5) 



atml\ 
Pd-Fe 


hi 

relative 
value 


~h2 

relative 
value 


h3 

relative 
value 


FWHM1 
kaiser 


FWHM2 
kaiser 


1 film 

1 thickness 


20% 
Pd-Fe 


52 


34 


46 


>120 


>200 


Mm 

-3 


50% 
Pd-Fe 


52 


27 


49 


117 


192 


-1 


80% 


52 


21 j 


52 


95 


144 


-1 



[0244] And, in a test piece havina 100% nf c a „ ^ 

= « m . ™„ M . (fwhmi i ^wtss^sarsr«: 
S?S»=sssr--'» * 

<Example 12> 

1 0kV to the anode 707 of this image SS^SS!^^*- ™ " t0 be 2mm ' As a resu « °< lS5 
brightness for a long time. 9 P V to d ' Sp ' ay ™ * Po»We to obtain stable image wfth t$ 

(Effects of the Present Invention) 

[0248] As described above the catah/et nt ih» 

.« ing .,«„.„, -niT^^'^^rs;" ,o , provMe *» » •> 
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only Pd, so thus being capable of preventing increase of growth temperature of the carbon fiber and increase of the 
threshold of electron emission. 

[0250] And, the present invention enables to obtain stable and excellent electron emitting characteristics for a long 
time. 

[0251 ] A catalyst for promoting growth of carbon fiber, which is capable of growing satisfactorily at a low temperature 
without needing complex process and applicable to such as electron emitting device. 

[0252] The catalyst used for growth of carbon fiber contains Pd and at least one element selected in the group 
consisting of Fe, Co, Ni, Y, Rh, Pt, La, Ce t Pr, Nd, Gd, Tb, Dy, Ho, Er and Lu, in which 20 to 80atm% (atomic percentage) 
of the selected at least one element is contained to Pd. 



Claims 

1. An electron emitting deviceincluding a film containing a plurality of carbon fibers, 

15 wherein the film, according to Raman spectrum characteristic detected by irradiatinglaser having a wave- 

length of 514.5nm, has a first peak of intensity of Raman scattering in which Raman shift is in a range of 1355 ± 
1 0kaiser(cm- 1 ) and a second peak of intensity of Raman scattering light in which Raman shift is in a range of 1 580 
± 10kaiser, and 

wherein a Full-Width Half-Maximum (FWHM2) of the first peak and a Full-Width Half-Maximum(FWHMI) of 
20 the second peak satisfy a relation that FWHM2/FWHM1 < 1 .2. 

2. An electron emitting device including a film containing a plurality of carbon fibers, 

wherein the film, according to Raman spectrum characteristic detected by irradiating laser having a wave- 
length of 514.5nm, has a first peak of intensity of Raman scattering in which Raman shift is in a range of 1355 ± 
25 10kaiser(cnrr 1 ) and a second peak of intensity of Raman scattering in which Raman shift is in a range of 1580 ± 

10kaiser, and 

wherein a relative intensity h2, which is difference between background intensity and intensity of the Raman 
scattering at the first peak, and a relative intensity hi , which is difference between background intensity and in- 
tensity of the Raman scattering at the second peak, satisfy a relation that 1 .3 £ h2/h1 . 

30 

3. An electron emitting deviceincluding a film containing a plurality of carbon fibers, 

wherein the film, according to Raman spectrum characteristic detected by irradiating laser having a wave- 
length of 51 4.5nm, has a first peak of intensity of Raman scattering light in which Raman shift is in a range of 1 355 
± 10kaiser(cnr 1 ) and a second peak of intensity of Raman scattering in which Raman shift is in a range of 1580 
35 ±10kaiser, 

wherein a Full-Width Half-Maximum (FWHM2) of the first peak and a Full-Width Half-Maximum (FWHM1 ) of ■ 
the second peak satisfy a relation that FWHM2/FWHM1 £ 1 .2, and 

wherein a relative intensity h2, which is difference between background intensity and intensity of the Raman 
scattering light at the first peak, and a relative intensity hi , which is difference between background intensity and 
^o intensity of the Raman scattering light at the second peak, satisfy a relation that 1 .3 <, h2/h1 . 

4. The electron emitting device according to claim 2 or 3, 

wherein the relative h2 and the relative hi have a relation that h2/h1 £ 2.5. 

4 5 5. The electron emitting device according to any of claims 2 to 4, 

wherein a relative intensity h3, which is difference between background intensity and minimum intensity of 
Raman scattering intensity between the first peak and the second peak, is 1/10 or lower of the relative intensity 
h2, which is difference between background intensity and intensity of Raman scattering at the first peak. 

50 6. The electron emitting device according to claim 5, 

wherein the relative intensity h3 is 1/15 or lower of the relative intensity h2. 

7. The electron emitting device according to any of claims 1 to 6, 

wherein the carbon fiber is graphite nanofiber having graphenes laminated not in parallel to the axial direction 
55 thereof. 

8. The electron emitting device according to any of claims 1 to 7, 

wherein the plurality of carbon fibers included in the film containing a plurality of carbon fibers have density 
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of 103/cm2 or more. 



9 ' ""HEE 5S2 *fr according ,0 My of c,aims 1 * «■ 

~--ecthc^^^^^ 

1fl appted ,0 the f,lm fining a plurality of carbon fiber 

' J^SStS'S!? 8 8 fi, Tr ,ainin9 8 P "" ali * * «*" fibers 
thereof.and ^^"^"^^^^•-^n-h^.o^^^ 

12 S^r^r^^ a gate electmde and . 

over the surface of the substrate tJ ,be ^ wl»i«»H T" 9 " P ^ rt ^ n ^« ^ p«,S2 
and the surface of the substrate. P " m ° re ,han a d,stance beh veen a surface of the gate elecfrode 

12. The electron emitting device according to claim 11 

13. The electron emitting device according to claim 12 

wherein the metallic nitride is TIN. 

lasEsr **• i - au * 3 - — - * — « «. M «. «,„ weK „„ s .„ 

wl»™m the ««*„ „ on „ a ,„ nM h eWm u 
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thereof. 

22. A method of making a film containing a plurality of carbon fibers comprising the steps of: 
arranging a catalyst on a substrate; and 

heat-treating the substrate on which the catalyst Is arranged under circumstance including hydrocarbon gas 
and hydrogen, 

wherein the catalyst contains Pd and at least one element selected in the group consisting of Fe t Co, Ni, Y, 
Rh t Pt, La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er and Lu, and more than 20atm% (atomic percentage) of the selected at 
least one element is contained to Pd. 

23. A method of making a film containing a plurality of carbon fibers comprising the steps of: 
arranging a plurality of catalytic particles on a substrate; and 

heat-treating the substrate on which the plurality of catalytic particles are arranged under circumstance includ- 
ing hydrocarbon gas and hydrogen, 

wherein the catalyst contains Pd and at least one element selected in the group consisting of Fe, Co, Ni, Y, 
Rh, Pt : La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er and Lu, and 20atm% or more (atomic percentage) of the selected at 
least one element is contained to Pd. 

24. A method of making an electron emitting device comprising the steps of: 
disposing a film containing metal on a substrate; 

arranging a plurality of catalytic particles on the film containing metal; and 

heat-treating the substrate on which the plurality of catalytic particles are arranged under circumstance includ- 
ing hydrocarbon gas and hydrogen to form a plurality of carbon fibers, 

wherein the catalyst contains Pd and at least one element selected in the group consisting of Fe, Co, Ni, Y, 
Rh, Pt, La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er and Lu, and 20atm% or more (atomic percentage) of the selected at 
least one element is contained to Pd. 

25. A method of making an electron emitting device comprising the steps of: 
disposing a film containing metal on a substrate; 

arranging a plurality of catalytic particles on the film containing metal; and 

heat-treating the substrate on which the plurality of catalytic particles are arranged under circumstance includ- 
ing hydrocarbon gas and hydrogen to form a plurality of carbon fibers, 

wherein the catalytic particles contains Pd and at least one element selected in the group consisting of Fe, 
Co and Ni, and 20atm% or more (atomic percentage) of the selected at least one element is contained to Pd. 

26. The method of making an electron emitting device according to claim 24 or 25, 

wherein the film containing metal has metallic nitride at least on a surface thereof. 

27. The method of making an electron emitting device according to claim 26, 

wherein the metallic nitride is TIN. 

28. A method of making an electron source having a plurality of electron emitting devices, 

wherein the electron emitting device made by the method defined in any of claims 24 to 27. 

29. A method of making an image forming apparatus having an electron source and an image forming member, 

wherein the electron source is made by the method defined in claim 28. 

30. A cathode of a secondary battery containing a plurality of carbon fibers, 

wherein a film containing a plurality of the carbon fibers, according to Raman spectrum characteristic detected 
by irradiating laser having a wavelength of 514.5nm, has a first peak of intensity of Raman scattering in which 
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Raman shift is in a range of 1355 + inko ic *r/ u 

Raman shift is in a r ange of 1580 * lOkaKd > * ~° nd °' " Rama " Bering in which 
by , mediating iaser having a waveien^ 

Raman shrft .s in a range of 1355 ± lOkaiserfcm » c I f ° f intensity oi Raman scattering in which 

Raman shift is in a range of 1580 * loEJS, ^ ^ °' '"^ of mattering in which 

-atip^ 
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FIG. 5 
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FIG. 9 
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FIG. 13 
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FIG. 14 
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FIG. 15 
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